Intimate partner violence (IPV) is a risk factor for non-adherence to HIV treatment for women, however the evidence on the impact of IPV on uptake of the prevention of mother to child transmission of HIV (PMTCT) cascade is inconclusive. We examined data from 433 HIV positive pregnant women in Kinshasa, Democratic Republic of Congo, enrolled between April 2013 and August 2014 and followed-up through 6 weeks postpartum. Participants were asked about their IPV experiences in a face-to-face interview at enrollment. Measures of PMTCT cascade included: uptake of clinical appointments and services, viral suppression, and adherence to antiretrovirals (ARV). Approximately half of the sample (51%) had experienced some form of IPV; 35% had experienced emotional abuse, 29% physical abuse, and 19% sexual abuse. There were no statistically significant associations between experiencing any form of IPV and uptake of clinical appointments and services (Adjusted Prevalence Ratio [aPR] = 1.02; 95% [CI]: 0.89-1.17), viral load suppression (aPR = 1.07, 95% CI:0.96-1.19) and ARV adherence (aPR = 1.01, 95% CI: 0.87-1.18). Findings from this study indicate that, among HIV-infected pregnant women enrolled in PMTCT care, experiencing IPV does not reduce adherence to clinic visits and services, adherence to ARV. The high prevalence of IPV in this population suggests that IPV screening and intervention should be included as part of standard care for PMTCT.
Introduction
Prevention of mother to child transmission of HIV (PMTCT) is an essential component of global strategies to reduce pediatric HIV infection [1] . The World Health Organization (WHO) guidelines for PMTCT outline a "cascade" of behaviors and services including:
antenatal care appointments, HIV counseling and testing, use of antiretroviral therapy (ARV), delivery at a health facility, safe infant feeding, and infant HIV testing [2] . Expansion of PMTCT coverage reduced incidence of pediatric HIV infection by 60% in Sub-Saharan Africa (SSA) from 2008-2015 annually [3] . However, uptake of services along the PMTCT cascade remains sub-optimal. In the Democratic Republic of Congo (DRC), only 67% of pregnant women living with HIV received ARV for PMTCT in 2015 [4] .
Understanding factors that may impede the uptake of PMTCT services are of critical importance to curb pediatric HIV incidence. Intimate partner violence (IPV) is a significant global health issue which has been found to decrease adherence to HIV treatment and engagement in care among HIV infected women [5] . A systematic review of IPV prevalence among pregnant women in Africa found that 2-57% of women experience some form of IPV during pregnancy. Emotional violence was most commonly reported (41-49%), followed by physical (22.5-40%), and sexual violence (2.7-26.5%) [6] . Despite the evidence documenting IPV among pregnant women living with HIV [6] [7] [8] [9] [10] , its impact on PMTCT service uptake is not well understood.
Studies assessing the effect of IPV on PMTCT uptake and adherence have yielded varying findings depending on which components of the PMTCT cascade are assessed. A retrospective study of ARV adherence among 320 postpartum women in Lusaka, Zambia found that women who had experienced IPV were less likely to: adhere to ARV during and after pregnancy, and give their infant nevirapine after birth [11] . These findings are supported by qualitative studies that cited IPV as a barrier to ARV adherence and clinic attendance for pregnant women living with HIV [9, 10, 12, 13] .
In contrast, other studies of IPV and PMTCT indicate that IPV does not inhibit certain aspects of PMTCT service uptake [14, 15] . A study conducted with 457 women in Uganda found that IPV was not associated with antenatal attendance, uptake of HIV testing and counseling, and delivery at a health facility [14] . HIV status was not collected, and thus findings may not be relevant to women living with HIV. Another study conducted in Kenya that included women living with HIV found that IPV did not inhibit HIV positive women from giving a single dose of nevirapine to their infants at birth [15] .
There are different mechanisms through which IPV may inhibit women's ability to adhere to PMTCT. Fear of physical or emotional violence due to HIV status disclosure may make some women hide or discontinue use of ARV, or miss medical appointments [9, 10, 16, 17] . IPV may also cause depression which is a known risk factor for ARV non-adherence [18] and poor HIV care engagement [19] . The conflicting results across studies indicates that a history of IPV may impact some components of the PMTCT cascade, however there are no studies to date that take a comprehensive analysis of both PMTCT service uptake and maternal HIV outcomes. The aim of the present study was to explore whether emotional, physical, or sexual violence differentially impact uptake of PMTCT clinical appointments and services, viral suppression, and ARV adherence among HIV infected pregnant women. We hypothesize that women who experience any forms of violence will be less likely to adhere to the PMTCT cascade.
Methods

Study design and procedures
The data reported here are from a randomized controlled trial of a conditional cash transfer (CCT) study that was conducted in Kinshasa, Democratic Republic of Congo (Trial registration: NCT01838005) [20] . From April 2013 to August 2014, 433 newly-diagnosed HIVinfected women, 32 weeks pregnant were recruited as they registered for antenatal care at 89 clinics. Women were randomly assigned to the control or intervention using a computer generated randomization technique. Clinical staff were masked to women's intervention condition. Control group received the standard of care which consisted of: free ARV, HIV testing and counseling, CD4 testing, HIV prevention and care for HIV-exposed infants, and linkage to HIV clinics by HIV positive volunteers. Women randomized to the intervention received the standard of care and small increasing cash payments for each activity they completed in the PMTCT cascade with a reset option to zero if a step was missed. Women were interviewed and provided written informed consent upon enrollment by trained research staff in Lingala or French. The study was approved by the Institutional Review Board of the Ohio State University (Colombus, OH, USA) and the Ethical Committee of the Kinshasa School of Public Health (Kinshasa, Democratic Republic of the Congo).Study details and primary results have been described elsewhere [20, 21] .
Measures
The exposure variable of interest was baseline report of lifetime IPV. Participants were screened for IPV upon enrollment using a screening tool developed for use in antenatal care clinics in Kinshasa as a component of voluntary HIV counseling and testing during the first antenatal visit. The tool contained questions assessing lifetime and 12-month emotional, physical abuse by a current or former intimate partner, and sexual abuse from any perpetrator, as these experiences were deemed most likely to increase a woman's risk of HIV infection. Emotional violence was assessed using the following item, "Have you ever been insulted, humiliated, or made to feel afraid by an intimate partner?," which was adapted from items developed by the international WHO Multi-country Study on Women's Health and Domestic Violence against Women Study Team [22, 23] . For physical violence, we used the item "Have you ever been hit, punched, kicked, slapped, choked, or otherwise physically hurt by an intimate partner?", which was adapted from a similar item from the Abuse Assessment Scale (AAS) [24] . Finally, sexual violence was assessed with, "Have you ever been forced to have sex or do something sexual you didn't want to do?," which was adapted from the Youth Behavior Risk Survey item measuring sexual violence victimization [25] . Response options were "yes" or "no." If participants answered yes, they were asked who committed the violence. Response options included, "husband/ex-husband," "partner/ex-partner," "other," "don't know," and "refused to answer." Women were also asked whether violence occurred within the last 12 months and the most recent time violence occurred. For each form of IPV (emotional, physical, sexual) and a composite of any type of IPV, women were categorized as having experienced IPV if they answered "yes" to any violence question.
The outcome measures assessed in the study were uptake of PMTCT services, viral suppression, and ARV adherence measured at six weeks post-partum. Uptake of PMTCT services was a composite measure of the completion of several clinical steps of the PMTCT cascade. A participant was considered adherent if she completed all of the following steps: 1) attended all scheduled clinic visits from randomization through six weeks postpartum; 2) initiated ARV and HIV care; 3) gave birth in a study clinic; 4) and accepted all proposed clinical services including provision of blood samples for CD4 count and dried blood spot sample for DNA PCR testing at six weeks. Infant nevirapine use at birth and six weeks post-partum, and infant DNA PCR testing at six weeks were not included as a measure of adherence to PMTCT services due to resource limitations in the study clinics.
Viral suppression was assessed as viral load count obtained via a dried blood spot (5 spots of 50 mL of whole blood) at follow-up clinic appointments. Participants were considered virally suppressed if they had an undetectable viral load at six weeks postpartum. ARV adherence was determined by pill counts. Clinic staff calculated the number of returned pills [zidovudine (AZT) or ART] divided by the number of days since the pills were distributed. Participants with 100% adherence at all visits were considered adherent, whereas those with less than 100% adherence were considered non-adherent.
Data analysis
Descriptive statistics of IPV history and demographics were calculated. We created dummy variables for any experience of IPV and type of IPV (emotional, physical, sexual). We fit generalized estimating equations (GEE) with a log link and a binomial distribution to adjust for clustering at the clinic level (89 clinics, average cluster size = 5.2). We estimated unadjusted and adjusted prevalence ratios (APR) and 95% confidence intervals (CIs) for each study outcome. Analyses were conducted using SAS version 9.4 (Cary, NC). All statistical tests were two-tailed, using an alpha of 0.05. All models controlled for demographic variables including participant education level, marital status, age, and intervention group. Analyses for ARV adherence and viral suppression also controlled for baseline viral suppression and CD4 count.
Results
Participants
Participant characteristics are reported in Table 1 . The mean age of women in the sample was 29.58 (SD = 6.21) and ages ranged from 16-43 years. The majority of women had a secondary 
PMTCT service uptake
At six weeks postpartum 61% (262/433) of the sample reported full uptake of all PMTCT appointments and clinical services. There was no statistically significant effect of IPV experience (aPR: 1.02, 95% CI: 0.89-1.17) on PMTCT service uptake. Non-significant effects were also found when emotional, physical, and sexual abuse were analyzed separately (Table 3 ).
Viral suppression
Data on viral suppression were available for 326 participants. Approximately 68% (221/326) had an undetectable viral load at six weeks postpartum. Similar to findings for PMTCT service uptake, IPV experience was not significantly associated with viral suppression (aPR: 1.07, 95% CI: 0.96-1.19). Likewise, effects were non-significant for emotional, physical, and sexual abuse (Table 4) .
ARV adherence
Approximately 69% (205/297) of participants with available pill count data were 100% adherent at all visits up to six weeks postpartum. There were no significant differences in ARV adherence among those who had experience any violence versus those who had not (aPR: 1.01, 95% CI: 0.87-1.18). Effects remained non-significant when violence types were analyzed separately (Table 5) .
Discussion
Contrary to our hypothesis, we did not find any statistically significant effect of IPV history on uptake of PMTCT clinical appointments and services, ARV adherence, and viral suppression. Our study is the first to assess the impact of IPV on maternity care use in a sample of women living with HIV. Specifically we assessed antenatal care attendance, skilled delivery at a study clinic, and acceptance of tests and HIV care as part of PMTCT service uptake. We did not find a significant relationship between history of any form of IPV and components of PMTCT service uptake. Previous literature on the impact of IPV on antenatal care utilization has been inconclusive. A recent study conducted in Rwanda found that there are no significant differences in antenatal use between women who have and have not experienced physical, emotional or sexual IPV [26] . However, other studies found the opposite. History of IPV was associated with low antenatal care attendance and lack of skilled attendant at delivery [27] [28] [29] . A plausible explanation for the lack of significant findings is the fact that women were recruited as they registered for antenatal care. This sample thus may have already been motivated to remain in care because they took the initial step of registering at a clinic. Furthermore, the standard of care offered at study clinics included HIV testing and counselling, support in ARV initiation, as well as volunteers to assist with HIV care linkage. These components of care likely provide patients with needed instrumental, informational, and emotional social support [30] and thus may potentially circumvent barriers potentially caused by violence from an intimate partner.
Research shows that among women who have experienced IPV, higher social support is associated with reduced risk of poor mental and physical health outcomes [31] . Future studies should explore how and which support systems and services buffer the impact of IPV and maternity care use. Our findings conflict with previous work by Hampanda [11] which found a statistically significant association between IPV experience and ARV adherence during pregnancy and six weeks postpartum. Women who had experienced IPV were not less likely to adhere to HIV medication or to have a detectable viral load. Additionally, we did not see differences in ARV adherence based on the type of violence women had experienced. These results counter a large body of evidence linking IPV to ARV non-adherence and worsened viral suppression in women [5] . The lack of significant association between IPV and ARV adherence may be attributed to differences in measurement across studies. Both our study and the one by Hampanda [11] used a dichotomous measure of adherence, however our cutoff for 'adherent' was 100% whereas theirs was 80%. Furthermore, we looked at the impact of IPV on cumulative adherence through pregnancy and postpartum whereas they assessed the impact of IPV on adherence separately for pregnancy and postpartum. It is possible that a history of IPV may affect ARV adherence differently at various stages of pregnancy and postpartum. Further research on the mechanisms linking IPV to ARV adherence is needed.
One potential explanation for the lack of a significant relationship between IPV and viral suppression or ARV adherence is that during pregnancy, women show a high level of motivation and self-efficacy in taking their medication in order to protect their infants from HIV. A systematic review of ARV adherence among pregnant and postpartum women found that approximately 73.5% (95% CI: 71Á5-79Á7%) of women are adherent during pregnancy and 53% (95% CI: 32.8%-72Á7%) are adherent during the postpartum period [32] . We found that 68% of women remained 100% adherent from pregnancy through six weeks postpartum. This high level of sustained adherence is promising as it reduces the probability of mothers transmitting HIV to their infants via breastfeeding in the postpartum period. Our findings are consistent with previous studies that show pregnant women living with HIV experience high levels of IPV [6] [7] [8] 11] . The life time prevalence of IPV found in the sample was 51% which is on the high end of global estimates [6] , but lower than the national average for DRC, 68.2% [33] . In addition, nearly a third had experienced IPV within the last year, which suggests that some women may have been abused during their pregnancy and in the post-partum period. IPV during pregnancy is of particular concern as it is associated with poor pregnancy outcomes including: pregnancy loss, preterm labor, pregnancy complications, maternal depression, low birth weight infant, physical injuries, stress, and maternal mortality [34] . Further, among post-partum women living with HIV, IPV during is also associated with infant developmental delays [35] . The high prevalence of IPV prior to and during pregnancy indicates the critical need for screening and IPV prevention services for pregnant women living with HIV.
The main strengths of the study were in the measures, study design, and sampling frame. Our study was the first to assess various components of the PMTCT cascade including: antenatal attendance, ARV adherence, and viral suppression in a sample of pregnant women living with HIV. We used viral load tests which is the recommended method of measuring ARV adherence according to the WHO [2] . In addition, our data were longitudinal nature so we can establish temporal order of IPV and adherence. Finally, participants were recruited from 89 different clinics in Kinshasa which represented both high-volume, low-volume, public and private clinics. Findings may be applicable to a variety of clinical settings in low-income countries.
Several limitations must be considered in interpretation of our results. These data represent a secondary analysis of intervention data. As such, the original study was not powered to detect significant differences in PMTCT cascade outcomes based on IPV experience. IPV experience was also self-reported which may be subject to recall bias. Additionally, our sample was highly educated with a secondary completion rate much higher than the general population (85% sample vs. 48% general population) [36] , which limits generalizability of the findings. Finally, we did not include measures of infant nevirapine uptake at birth and six weeks postpartum as part of ARV adherence. There is a possibility that these two components of PMTCT may be affected by IPV, especially if the mother is currently experiencing IPV within her relationship. However, given the consistency of our findings for all the other PMTCT outcomes we assessed, we do not believe it is likely that infant nevirapine use would have yielded different results.
Conclusions
We did not find any statistically significant associations between IPV history and uptake of the PMTCT services, ARV adherence, and viral suppression. However, IPV was highly common in a sample of pregnant women living with HIV in Kinshasa, DRC. Identifying pregnant women who have experienced IPV is of critical importance because IPV victimization is associated with numerous poor health outcomes including: contraction of sexually transmitted infections, induced abortion, PTSD, depression, alcohol use disorders, and injury [37] . PMTCT interventions present an opportune time to screen for violence because women meet with healthcare providers privately to discuss their HIV test results and then several times during their pregnancy and postpartum period, which allows for time to build rapport and develop strategies to identify and address IPV. Healthcare providers should be trained on how to effectively screen women for IPV during PMTCT antenatal appointments. This study contributes novel evidence that the impact of IPV on adherence may be lessened during pregnancy and postpartum. Our findings illustrate the need to further study the mechanisms linking IPV to non-adherence.
